The MPZL1/PZR gene has been mapped to 1q23.3, located in close proximity to a recognized schizophrenia susceptibility locus. Recently, the MPZL1/PZR gene has been found to be significantly upregulated in schizophrenia brain tissue and to play an important role in cell signaling, thus indicating that MPZL1/PZR could be a potential schizophrenia marker. To test this hypothesis, we selected three single nucleotide polymorphisms (SNPs) for genotyping in 523 Han Chinese trios. We found that two individual SNPs were significant at the Bonferroni's corrected significance level P < 0.017: rs3767444 (v 2 = 6.299, P = 0.0121) and rs2051656 (v 2 = 9.856, P = 0.0017). Haplotype transmission/disequilibrium tests revealed a significant association with the disease (global P-value = 1.064 Â 10
Introduction
Schizophrenia (MIM 181500) is a complex disorder that affects nearly 1% of the population throughout the world and there have been multiple susceptibility genes. Each gene may have a minor individual effect but may also to interact with one another or with environmental factors to influence susceptibility to the disease. 1 There is substantial evidence supporting the genetic etiology of schizophrenia in a number of systematic linkage scans. To date, some schizophrenia susceptibility loci, one of which is 1q21-22, [2] [3] [4] [5] close to the location of the MPZL1/PZR gene have been reported. MPZL1 (myelin protein zero like 1), a 43-kDa hyperphosphorylated transmembrane glycoprotein mapped to 1q23.3, was identified by Zhao and Zhao. 6 Sequence homology analysis reveals a 45.8% identity with myelin protein zero (P0) so that it is also described as PZR (protein zero-related). The MPZL1/ PZR protein, which can be dephosphorylated by the protein tyrosine phosphatase SHP-2 via intracellular immunoreceptor tyrosine-based inhibitory motif (ITIMs), does have an important role in cell signaling as well as in cell proliferation, differentiation and transformation. 7 By Northern blot analysis, MPZL1/ PZR is composed of a major transcript at B4.0 kb, and two minor transcripts at B3.8 and B1.3 kb, respectively. 7 It showed lower expression only in the brain whereas exhibiting upregulation in all the other tissues tested including the heart, placenta, kidney and pancreas. 8 Recently, Tkachev et al. 9 reported abnormal expression of the myelin-related genes in the study of schizophrenia and bipolar disorder. Most myelinrelated genes, such as MBP, MAG, MOBP, PLP1 and MOG, were downregulated, whereas MPZL1/PZR was significantly upregulated in schizophrenia as compared to normal controls (1.29-fold, P = 0.0263). This result was in agreement with the results from a parallel quantitative-polymerase chain reaction (PCR) study. 9 The aim of this study was to test MPZL1/PZR as a possible novel gene associated with schizophrenia. We selected 523 Han Chinese trios giving consideration to population stratification and issues of detection for power of association.
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Materials and methods
Subjects
A total of 523 Han Chinese family trios were recruited, of which 202 originated from Shanghai, 186 from Changchun and 135 from Wuhu. The gender distribution of the probands was 225 (43%) male and 298 (57%) female subjects and the mean age was 27.32 years (s.d. = 7.87 years). Clinical diagnosis of schizophrenia was made according to DSM-IIIR criteria. 12 All the probands were schizophrenic patients interviewed and identified by two independent psychiatrists who reviewed the patients' medical notes. All subjects gave informed consent for the genetic analysis, which was reviewed and approved by the ethics committee of the Human Genetics Center in Shanghai. Peripheral blood samples were obtained from the subjects for DNA extraction by the phenol-chloroform method.
Genotyping
For the transmission/disequilibrium test (TDT) and individual analysis, we chose three intronic single nucleotide polymorphisms (SNPs) (rs3767444, rs3767445 and rs2051656) around the MPZL1/PZR gene locus, because there were no cSNP. The three SNPs, which are listed in Table 1 along with their positions, were genotyped by allele-specific PCR for specifically amplified alleles or variants in separate PCR reactions. 13 The PCR primers used in this study were designed by a tetra-primer ARMS-PCR primer design program (http://cedar.genetics.soton.ac.uk/ public_html/primer1.html). The SNPs primer sequences were as follows: rs3767444 forward common primer: 5 0 -GGATCACCAACTGTTCCACTTAAAC-3 0 , reverse primer C: 5 0 -GCTTTACAGCCCCTGG-3 0 , reverse primer T: 5 0 -TGCTTTACAGCCCCTGA-3 0 ; rs3767445 forward common primer: 5 0 -CTGCCCCATTGACA GAGGTTC-3 0 , reverse primer C: 5 0 -AACTTGTGGCA GACAACG-3 0 , reverse primer T: 5 0 -CAACTTGTGGC AGACAACA-3 0 ; rs2051656 reverse common primer:
The assay combining kinetic (real-time quantitative) PCR with allele-specific amplification was performed as described by Germer et al. 14 In the real-time PCR, two PCR reactions for each sample were carried out in a total volume of 5 ml containing 10 ng genomic DNA, 2.5 ml Taqman s Universal PCR Master Mix (Applied Biosystems, Foster City, CA, USA), 0.2 mM allelespecific primer, 0.2 mM common primer and 0.2 Â SYBR s Green I (Molecular Probe Inc., Eugene, OR, USA) on an ABI PRISM 7900 Sequence Detection System (Applied Biosystems). To reduce well-to-well variability during the PCR reaction, an automated dispenser (Hydra s microdispenser, Robbins Scientific, Mountain View, CA, USA) and digital multichannel pipettes (Thermo Labsystems, Vantaa, Finland) were used. After an initial 2 min at 501C to activate the AmpErase s uracil-N-glycosylase (UNG) and a step of 10 min at 951C to deactivate UNG and activate AmpliTaq Gold s enzyme, 50 cycles consisting of 15 s at 951C and 30 s at annealing temperature 581C, followed by a final stage of dissociation of checking PCR product, were programmed. Allele calling was manually performed following the standard procedures used in our laboratory. 15 
Statistical analysis
Preferential transmission of alleles from heterozygous parents to affected offspring was analyzed by the likelihood-based extended TDT (ETDT). 16 Preferential transmission of haplotypes was analyzed using the program TRANSMIT version 2.5. 17 To prevent misleading results from rare haplotypes, we aggregated all alleles of haplotypes with frequencies < 0.05 before haplotype construction for the relatively infrequent heterozygous parents. The standardized measure of linkage disequilibrium (LD), denoted as D 0 , was estimated with the software 2LD 18 for alleles at all possible pairs of SNP loci. CLUMP version 1.9 19 was used to compare genotype frequencies among Shanghai, Changchun and Wuhu trios. As no differences were found among pairs after 10 000 simulations, all the trios were grouped together in latter analyses. To test for departure from Hardy-Weinberg equilibrium, an online calculator (http://www. kursus.kvl.dk/shares/vetgen/_Popgen/genetik/applets/ kitest.htm) was used in analysing affected probands and unaffected parents. Table 1 . Two individual SNPs were significant at the Bonferroni's corrected significance level P = 0.017: rs3767444 (w 2 = 6.299, P = 0.0121) and rs2051656 (w 2 = 9.856, P = 0.0017). Strong LD was observed between rs3767445 and rs2051656 (D 0 = 0.72) and weak LD between rs3767444 and rs3767445 (D 0 = 0.30). In total, eight haplotypes were observed in multilocus haplotype analysis. Four haplotypes, CCA, TCA, CTA and CCG, whose probabilities greater than 5% accounted for vast majority of the haplotype diversity (90.2%). The global P-value for the four haplotypes is 1.064 Â 10 À6 (w 2 = 33.246, 4df), but we did not find significant overtransmitted/undertransmitted haplotypes.
Discussion
MPZL1/PZR is a tyrosine phosphatase SHP-2-binding protein. It is also a member of the immunoglobulin superfamily, and contains an amino-terminal signal sequence, a single membrane-spanning segment in the middle, and an 80-amino acid carboxyl-terminal intracellular portion with an ITIM consensus sequence. 6, 7 Furthermore, the extracellular portion of ITIM forms an immunoglobulin-like domain with potential N-linked glycosylation sites.
The sequence alignment between MPZL1/PZR and myelin P0 revealed 45.8% identity and 60% similarity. P0, the major protein component of peripheral nerve myelin, is exclusively expressed in Schwann cells. 20 Numerous studies have shown that P0 participates in adhesive reactions that stabilize myelin lamellae during myelination. It can also maintain the compacted state of mature myelin through its intracellular portion, which has two tyrosine phosphorylation sites resembling ITIM sequence. 21 In addition, myelin P0 shows strong pathological implications and its mutations account for a variety of inherited human peripheral neuropathies, including Charcot-Marie-Tooth disease type 1B 22 and Dejerine-Scottas syndrome. 23 It is reasonable, therefore, to presume that MPZL1/ PZR plays a similar role in mediating cell-cell interactions in a variety of cells. MPZL1/PZR has also been found to play a role in the downregulation of the growth factor signal mediated by ITIMs, which may serve as binding sites for SHP-2 in cell signaling, including cell proliferation, differentiation and transformation. 6 In an analysis of the whole genome-wide expression of myelination-related genes in chronic schizophrenia, Hakak et al. 24 used a DNA microarray to detect the differentially expressed genes using postmortem dorsolateral prefrontal cortexes of schizophrenia and control patients. The author found a group of myelination-related genes involved in myelination of the central nervous system (CNS) and possibly implicated in oligodendrocytes, a specific cell type with functional deficiency in schizophrenia. Dysregulation of several of these genes inhibited oligodendrocyte development and function. Similarly, Tkachev et al. 9 also demonstrated that many myelinrelated genes were downregulated except that MPZL1/PZR was significantly upregulated in schizophrenia (1.29-fold, P = 0.0263). Myelin synthesis by oligodendrocytes, which also plays an important part in axonal survival, provides the basis for rapid impulse conduction in CNS. However, no study has yet been conducted investigating the association between the MPZL1/PZR gene and schizophrenia.
Considering the link between oligodendrocyte dysfunction and schizophrenia, we chose MPZL1/ PZR as a candidate gene in this study. The three SNP markers we selected in this work cover 45.8 kb across the MPZL1/PZR gene, see Figure 1 .
Our results indicate that two out of the three individual SNPs possessed significant transmission disequilibrium: rs3767444 and rs2051656. After Bonferroni's correction for multiple testing, the 5% significance levels became P = 0.017; however, these two SNPs were still significant. The family association between rs3767444 or rs2051656 and schizophrenia suggests that MPZL1/PZR is involved in the etiology of schizophrenia. In multilocus haplotype analysis, TRANSMIT could increase the power in detecting association with the disease; however, we found that the data based on the multilocus haplotypes showed significant association (global P = 1.064 Â 10
À6
), but no specific transmission distortions. As the significance might be caused by rare haplotypes, this finding should be interpreted with caution.
In conclusion, our analysis based on multimarkerconstructed haplotypes in MPZ1/PZR1 indicates that the global transmission is in disequilibrium with schizophrenia at this locus. The statistical significance of the individual markers implies that SNPs rs3767444 and rs2051656 may be involved in the etiology of the disease, and MPZL1/PZR is likely to be a susceptibility gene to schizophrenia. More markers in MPZL1/PZR should be subjected to genotyping analysis. Replication of these findings in large independent samples is also essential to clarify whether MPZL1/PZR is directly related to schizophrenia susceptibility.
